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SUMMARY 

An invest igat ion of the  pressure d is t r ibu t ion  and heat t r ans fe r  on 
a 0.03-scale model of t he  Mercury capsule reentry configuration has been 
made i n  the Langley i i - i nch  h a p r s m i c  ttmnel a t  a Mach number of 9.6, a 
Reynolds number of 240,000 based on maximum model diameter and a n  angle- 
of-at tack range from Oo t o  l 5 O .  Schlieren and oil-flow studies  of the 
flow f i e l d  about the  capsule were made a t  Mach numbers of 6.9 and 9.6. 
The r e s u l t s  at a Mach number of 9.6 indicated tha t ,  i n  general, the  loca l  
heat ing rates on the afterbody are  l e s s  than 10 percent of, t he  stagnation- 
point heating r a t e  throughout t he  angle-of-attack range of t he  investiga- 
t ion,  and the  pressures on the  afterbody were less than 4 percent of t he  
pressure on the  capsule face.  A t  angle of a t tack  the  heating rates 
generally decreased with circumferential distance from the  windward s ide.  
The method of N. H. Kemp and F. R .  Riddell of t he  AVCO Research Labora- 
tory,  modified f o r  a spherical  sepgent as shown by W. S. Stoney i n  NACA 
RM L58EO?a, and a modified Sibulkin theory, using a nondimensional 
veloci ty  gi-adient za lcuhted  from data obtained on a 1/7-scale model of 
the Mercury capsule, show good agreement with the  experimental stagnation- 
point  heat ing r a t e  at  an angle of a t tack of 0". 
number with angle of a t tack  was small on the  forward face but  was con- 
s iderably l a rge r  on the  afterbody. 

'Phe -;sriation i n  Stanton 

The s t a t i c  s t a b i l i t y  t e s t s  a t  a Mach number of 9.6 of the  escape, 
ex i t ,  and reentry versions of the  Mercury capsule indicated t h a t  a l l  con- 
figuretioiis  exhibited p s i t i v e  s t a t i c  s t a b i l i t y  charac te r i s t ics  and t h a t  
the e x i t  version had the lowest degree of s t a b i l i t y .  

~ _- 
T i t l e ,  Unclassified. * 
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INTRODUCTION 

A b r ie f  review of the scope of the  wind-tunnel s tudies  which have 
been made on Project  Mercury i s  given i n  reference 1. The Mercury cap- 
sule i s  a manned, nonl i f t ing  b a l l i s t i c  vehicle capable of o r b i t a l  fli&t 
and safe reentry.  The basic  configuration was selected a f t e r  an exten- 
sive study of shapes which not only would minimize the  reentry heating 
problem but a l s o  would s a t i s f y  numerous s t a b i l i t y  requirements. The 
basic  capsule has a blunt reentry face, a conical afterbody, and a tower- 
l i k e  s t ructure  which provides f o r  escape i n  the  event of an aborted 
f l i g h t .  The e x i t  version has the  conical sect ion forward and the reentry 
version has the  blunt  end forward. After successful launching the  escape 
system i s  t o  be je t t isoned i n  order t o  reduce the  weight p r io r  t o  inser-  
t i o n  into o r b i t .  A t  inser t ion  in to  o rb i t  the  capsule i s  intended t o  
separate from the  booster and t o  o rb i t  with the  blunt hemispherical 
face forward. After several  o rb i t s  a r e  completed, the capsule ve loc i ty  
i s  reduced and reentry begins. 

\ 

The research and development program being conducted i n  support of 
the NASA Project  Mercury has been conceived t o  y i e ld  experimental data  
necessary t o  a n  e f f i c i e n t  capsule design as wel l  as t o  provide data  f o r  
a l l  phases of the  operational aspects of t he  pro jec t .  Numerous wind- 
tunnel tests have been conducted t o  invest igate  the  aerodynamic behavior 
and heating of t he  capsule i n  the  Mach number range from 0 $0 20 ( f o r  
example, r e f s .  2 t o  5 ) .  Models ranging from as small as 0.01 f u l l  scale  
t o  full scale  have been used. 
of t he  Mercury capsule reentry configuration has been t e s t ed  i n  t h e  
Langley 11-inch hypersonic blowdown wind tunnel at  a Mach number of 9.6 
and at  a Reynolds nmber (based on model maximum diameter) of 0.24 X lo6 
t o  obtain aerodynamic heating and pressure data a t  angles of a t tack  from 
Oo t o  15O. Some flow visual izat ion data were obtained i n  t h i s  tunnel  a t  
Mach numbers of 6.9 and 9.6. 

. 

A s  pa r t  of t h i s  program a 0.03-scale model 

A s t a t i c  s t a b i l i t y  invest igat ion of t h e  escape, ex i t ,  and reent ry  
versions of t h e  Mercury capsule was a l s o  conducted a t  a Mach number of 
9.6 and a Reynolds number based on model maximum diameter of 0.14 X 10 
A strain-gage balance was employed t o  measure normal and axial forces  
as w e l l  as pitching moments over an angle-of-attack range from -4' t o  

6 

2 5 O .  

SYMBOLS 

A l l  forces  and moments are referenced t o  body-axis system. (See 
f i g .  1.) 
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reference area based on maxim body diameter, sq in. 

speed of sound at stagnation temperature, ft/sec 

axial-force coefficient, FA/qA 

pitching-moment coefficient, My/qAd 

slope of pitching-moment-coefficient curve, per deg 

normal-force coefficient, FN/qA 

slope of normal-force-coefficient curve, per deg 

free-stream specific heat at constant pressure, Btu/lb-% 

maximum body diameter, in. 

corrected axiai force, lb 

normal force, lb 

heat-transfer coefficient, Btu/ft2-sec-% 

free-stream Mach number 

pitching moment, in-lb 

Stanton nuniber based on free- stream static conditions, h/pcpu 

~ts , t i~  i;ress-;”e “E m d e l  surface? lb/sq in. 

supply pressure, lb/sq in. 

Prandtl number, 0.72 

local heat -transfer rate, Btu/ft2- sec; also, dynamic pressure, 
lb/sq in. 

heat-transfer rate measured by the thermocouple on the axis of 
symmetry, Btu/ft2- sec 

radial distance from capsule axis of symmetry, in. 



maximum body radius, In. 

free-stream Reynolds number based on model maximum diameter 

Reynolds number based on wetted distance 

wetted distance measured from stagnation point, in. 

adiabatic wall temperature, ?F and 9, respectively 

stagnation temperature, and OR, respectively 

local static temperature, OF and OR, respectively 

w a l l  temperature, 9 
free- stream flow velocity, ft/sec 

angle of attack referenced from model center line, deg 

temperature recovery factor, 

free-stream air density, Ib/cu ft 

meridian angle, deg 

APPARATUS AND TESTS 

This investigation was conducted in the Langley ll-inch hypersonic 
tunnel. 
Mach number of 9.6. A description of the tunnel may be found in refer- 
ence 6 and the pressure distributions in the three-dimensional nozzle 
are presented in reference 7. The central core of uniform flow for the 
three-dimensional nozzle measures about 4 inches in both the vertical 
and the horizontal directions with a variation in Mach number and pres- 
sure as indicated in reference 7. The stagnation temperature was main- 
tained at an average value of 1,200° F by means of a variable-frequency, 
resistance-tube heater to insure against liquefaction of the air. 
heat-transfer and surface-pressure tests were made at a stagnation pres- 
sure Of approximately 47 atmospheres and the stability tests at a supply 
pressure of 27 atmospheres giving Reynolds numbers based on the model 
maximum diameter (2.25 in.) about 0.24 X 10 

This blowdown wind tunnel operates intermittently at an average 

The 

6 6 and 0.14 X 10 . 
The 0.03-scale heat-transfer model of the Mercury capsule was made 

Of 1020 steel, 0.072 inch thick on the hemispherical face and 0.010 inch 
thick on the conical afterbody. 
structure attached to the floor of the tunnel as shown in figure 2(a), 
and changes in angle of attack were accomplished by installing wedges at 

The model was mounted on a support 
L - 
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Configurations 

Escape version 
Exit  version 
Reentry version 

the base of the support s t ructure .  
thermocouple locations a re  given in  figure 2 (b ) .  
sure measuremats were obtained on both the forward face and the a f t e r -  
body. The thermocouples were N o .  30 chromel-alumel wire and were fastened 
t o  the model by welding a preformed bead in to  a hole d r i l l e d  through the 
skin. Continuous records of the stagnation temperature and the capsule 
skin temperatures were obtained on 18-channel recording galvanometers. . 
The pressure o r i f i ce s  were located diametrically opposite t h e i r  corre- 
sponding thermocouple locations and the model was tes ted through an angle- 
of-attack range from -15' t o  +l5' i n  order t o  obtain pressure and heat- 
t ransfer  data on both surfaces of the body. The stagnation and o r i f i c e  
pressures on the model were recorded on NASA aneroid-type s ix-cel l  
recording units described in  reference 6. An accuracy of approximately 
1/2 of 1 percent of ful l -scale  deflection can be obtained on the low- 
pressure instruments through careful  cal ibrat ion and reading of the 
records. 
near ful l -scale  deflection as possible fo r  the measuring s ta t ion .  

Model dimensions with pressure and 
Heat-transfer and pres- 

For t h i s  investigation pressure c e l l s  were chosen t o  give as 

- 
CN CA c, I a, deg 

k .026 f .008 k.027 I k .20 1 
-+O .026 fO .O08 +o .026 It0 .20 
3.026 *.Go8 f i 011 + .20 

The force- tes t  models used i n  the  s t a b i l i t y  investigation were a l so  
b u i l t  t o  a 0.03 scale.  Photographs of the escape, ex i t ,  and reentry con- 

d e t a i l s  are presented i n  f igure 3(d). A sting-mounted strain-gage balance 
was employed t o  measure normal and ax ia l  forces  as well as pitching 
moments. Circular metal shields were used t o  protect the exposed portions 
of the balances behind the models. Base pressures were obtained by taping 
a l /&inch  metal tube t o  the shield and employing an ionization gage t o  
measure the pressure. The measured ax ia l  forces were adjusted so t h a t  the 
coeff ic ients  represent values f o r  a model with free-stream s t a t i c  pressure 
act ing on the base. 

1 
f igurat ions rzre aho.l;r, i n  fignes 2(a): 3(b)$ and 3(c) ,  respectively.  Model 

On the basis of cal ibrat ions and previous experience, estimations of 
maximum er rors  of the measured s t a b i l i t y  parmeters  a re  presented, as 
follows : 

On the basis of previous experience the accuracy of t'ne neat-transfer 
data varies,  i n  general, between 10 and 20 percent. 

-a I n  order t o  visualize iilc f h x  pttcrz:: st t h e  ?1rf'nce of' the model 
two oil-flow techniques were used i n  t h i s  investigation. The first 
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method consisted of completely coating the  model with a mixture of o i l  
and lampblack. The second method consisted of applying the  mixture of 
lampblack and o i l  t o  the  model i n  a dot pa t te rn .  
used i n  most of these t e s t s .  

The dot method was 

The schl ieren system used i n  these tests had a single-pass v e r t i c a l  
Z l i gh t  path with a horizontal  knife edge. 
schlleren photographs was a mercury vapor a rc  lamp having a duration of 
about 3 microseconds. 

The l ight source f o r  the  

RESULTS AND DISCUSSION 

A surmnary of the  per t inent  heat-transfer and surface-pressure 
r e su l t s  i s  presented i n  t ab le  I. 
number a re  based on free-stream conditions. Reynolds number Rs i n  
t ab le  I incorporates the  wetted distance from the stagnation point as 
the  charac te r i s t ics  length.  The temperature data were reduced 
according t o  the  method given i n  reference 8. The adiabat ic  w a l l  t e m -  
peratures used t o  reduce the  heat- t ransfer  data, shown i n  t ab le  I, a re  
estimated values. These estimated values were obtained from the 
following equation : 

Values of Reynolds number and Stanton 

with T2/Tt 
sures and an average recovery f ac to r  
including both attached and separated f l o w s .  
qr = &  = 0.848. 

a t tack  a re  presented i n  f igure 4 f o r  a Mach number of 9.6 and i n  f ig -  
ure 3 f o r  a Mach number of 6.9. I n  order t o  supplement the schl ieren 
flow study, oil-flow t e s t s  were made a t  Mach numbers of 9.6 and 6.9 and 
Reynolds numbers of 0.24 x lo6 and 0.68 x 10 6 , respectively,  f o r  various 
angles of a t tack  on the  floor-mounted model and on a sting-mounted model. 
The data a re  presented i n  f igures  6, 7, and 8. 

obtained from the  l o c a l  Mach number using t h e  measured pres- 

qr assumed f o r  t he  e n t i r e  model 
This assumed value was 

(See r e f .  9.) 

Typical schlieren photographs of t h e  capsule at  various angles Of 

Figure 4(a) presents the  model a t  a, = Oo, and it can be seen t h a t  
the  bow shock i s  deflected by the  tunnel boundary layer .  
standoff distance i s  approximately 4 percent smaller than t h a t  of a body 
of revolution with a f l a t  nose ( r e f .  10) having the  same diameter as the  

The shock 
8 
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diameter of the capsule. 
of 50 and loo i s  presented i n  f igures  4(b) and 4(c) .  
c ~ e , p . i L ~  shoulder came very close t o  the tunnel boundary layer  a t  an 
angle of a t tack of LOo ( f i g .  4 (c ) ) ,  it i s  believed that the data i n  
t h i s  region are  val id .  
the capsule nose shock causes the tunnel-wall boundary layer t o  separate 
and s t r i k e  the model nose and thus t o  invalidate any data obtained f o r  
t h i s  condition. 
a t tack i s  presented i n  f igures  4(e) ,  4 ( f ) ,  and 4(g) .  
geometry of the  support system, the model was raised higher above the 
tunnel ceriter l i n e  when the wedges were used t o  increase angle of a t tack 
than it was lowered below the center l ine  when the wedges f o r  negative 
angles of a t tack were used. 
from the tunnel w a l l  t o  prevent disturbances i n  the  tunnel-wall boundary 
layer  which would a f f ec t  the model, and the data obtained a t  t h i s  condi- 
t i on  a r e  valid.  

The shock about the model at angles of a t tack  
Although the 

It can be seen from f igure 4(d) that a t  a, = 150, 

The shock about the capsule a t  negative angles of 
Because of the 

A t  a = -15' the model w a s  far enough away 

Very l i t t l e  d e t a i l  of the afterbody flow f i e l d  i s  apparent i n  the 
photographs because of the extremely low density i n  th i s  region a t  
M = 9.6. 
t.he region of the  afterbody, additional schlieren t e s t s  were conducted 
on a sting-mounted model a t  a Mach number of 6.9 ( f i g .  5) .  A t  a = Go 
( f i g .  5(a))  the flow separates a short distance from the juncture of the 
nose and the cone and reattaches on the cyl indrical  section. This 
reattachment creates  a weak shock on the cylinder. 
and reattachment occurs on the canister.  
ments a re  a l so  shown i n  the oil-flow photographs a t  a Mach number of 
6.9 and 9.6 i n  f igures  6(a) ,  7(a), 7(b),  and 8(a). The l i n e s  shown i n  
the region of separation on the cone i n  f igure 7(a) a re  not flow l i n e s  
but are merely brush marks created i n  applying a more or l e s s  uniform 
coating of the o i l  solution. 
shear s t r e s s  on the  cone as compared with tha t  i n  the region j u s t  behind 
the corner and thus indicate separation. 
from the  oil-flow photograph ( f i g .  7(a)) was 17.25O from the free-stream 
di rec t ion  as compared with an angle of 16.5O iii~amred f r n m  t.he schlieren 
photograph ( f i g .  5(a) ) . 
of a t t ack  ( f i g s .  5(b) ,  5 (c) ,  and 5(d)), weak shocks a re  generated on the 
windward side of the model where changes i n  surface slope occur and tha t  
the lecwxrti a ide  of t h e  model seems to  be blanketed by the separated flow. 
The oil-flow photographs show t h a t  separated flow ex i s t s  on the conical 
sect ion of the capsule up t o  (See f i g s .  7( c) and 7(d) .) 
the  interference e f fec t  of the flow around the side mount over pa r t s  of 
the  cylinder and canis ter  ( f i g .  6 ) .  

I n  order t o  make a more detai led study of the  flow f i e l d  in  

A second separation 
The separations &d reattach- 

The dot t races  i n  f igure 7(b) show low 

The angle of separation measured 

T?E schlieren photographs indicate that at  angles 

a = loo .  Note 

The front-view photographs of the o i l  pat terns  i n  f i g m e s  6 ,  7, and 

The variation of the  stagnation point with angle 
3 
angle-of-attack range. 

the 1 ~ c ~ t : c z  2f the nt.ngnation Doint on the capsule face f o r  the 
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of at tack f o r  Mach numbers of 6.9 and 9.6 i s  p lo t ted  i n  figure 9. For 
the  en t i re  angle-of-attack range the  stagnation point measured from the  
oil-flow study a t  a Mach number of 6.9 i s  only about 80 percent of the  
distance from the center of the model t o  the  geometric stagnation point.  
A t  a Mach number of 9.6 the  measured stagnation point shows good agree- 
ment with the  geometric stagnation point f o r  angles of a t tack  up t o  
about' 5'. Beyond a, = 5 O ,  however, the measured stagnation point l ags  
the  geometric stagnation point and a t  i s  only 84 percent Of 

the  distance from the center of the  model t o  the geometric stagnation 
point.  

a, = 20° 

The experimental pressure d i s t r ibu t ion  over the  capsule i s  presented 
i n  figure 10 and indicates  very l i t t l e  var ia t ion  i n  the pressure near t he  
shoulder on the  capsule face with angle of a t tack .  On the  conical por- 
t i o n  the pressure increases with distance on the  windward s ide and 90' 
s ta t ions of the  capsule (see f i g s .  l O ( a ) ,  10(b),  and 1O(c)) but  i s  more 
nearly constant on the  leeward side (negative values of 
f i g s .  1 O ( a )  and 10(b)) f o r  the angles of a t tack  of the  t e s t s .  
sures on the  afterbody were l e s s  than 4 percent of the  pressure on the  
capsule face except f o r  a few points  on t h e  canis te r  a t  the 45' and 90' 
stat ions (see f i g s .  10(b) and 10( c ) )  . A t  a = 0' there  i s  some varia- 
t i on  i n  t he  pressures a t  t he  4 5 O  and 90° s t a t ions  on the  cylinder and 
canis ter .  This var ia t ion may be due t o  an interference e f f ec t  of t he  
flow around the  f loo r  mount over p a r t s  of the  cylinder and canis te r  as 
shown by the  oil-flow streamlines i n  f igure  6(a).  

s/d i n  
The pres- 

The var ia t ion  of the  r a t i o  of t he  l o c a l  heating r a t e s  t o  t h e  heating 
r a t e  measured by the  thermocouple on the  axis of symmetry with the  wetted 
distance f r o m  the  center of the forward face nondimensionalized with 
respect t o  m a x i m u m  body diameter, 
various angles of a t tack.  
r a t i o s  q/ql 

afterbody. 
found t o  be less than 10 percent of t h e  stagnation heating rate through- 
out the  angle-of-attack range. 
generally decreased with circumferential  distance from the  windward s ide.  
The data indicate  that the  heating rate immediately behind the  nose-cone 
juncture i s  approximately twice the  heat ing rate on the  rest of the  cone. 
The oil-flow tests indicate  t h a t  t h i s  thermocouple i s  i n  a region of 
attached f l o w .  From figures l l ( a )  and ll(b) it can be seen t h a t  t he  
heating r a t e  on the  afterbody drops sharply u n t i l  about midway on the  
cone where it begins t o  increase rap id ly  Over the  remainder of the  after- 
body. 
increases ( f i g s .  ll(c) and l l ( d ) )  u n t i l  a t  
the afterbody appears t o  be f a i r l y  constant. 
canis ter  and the  cylinder a re  higher than the  heating r a t e s  over t he  
rearward portion Of the  cone. These higher heat ing rates may be the  

s/d i s  presented i n  figure 11 f o r  
A s  would be expected, the loca l  heating-rate 

on the forward face were much l a rge r  than those on the  

In  general, the  l o c a l  heating rates on the  afterbody were 

A t  angle of a t tack  the  heating rates 

This e f fec t  on the  afterbody decreases as t h e  angle of a t tack  
a = 1 5 O  t he  heating rate on 

The heating r a t e s  on the  

.. 

. 
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r e s u l t  of the  shock wave on the  cylinder formed by the separation from 
the nose-cone juncture reattaching on the cylinder.  

Two methods were used t o  zstimate the stagnation-point heating r a t e .  
F i r s t ,  t he  method of Kemp and Riddell  (ref.  11) was applied t o  the  present 
geometry by using the  modification f o r  a spherical  segment as shown by 
Stoney i n  reference 12. Secondly, a modified Sibulkin theory ( r e f .  13) 
and a nondimensional veloci ty  gradient (& d w t  = 1.285) calculated from 

data  obtained on a 1/7-scale model of t he  Mercury capsule i n  the  Langley 
Unitary Plan wind tunnel a t  a Mach number of 3.5 was  used. Both methods 
predicted a stagnation-point heating-rate value of 8.7 Btu/ft2- sec which 
compared favorably with an experimental stagnation-point heating-rate 
value of 9.4 f 0.1 Btu/ft2-sec. 

The d is t r ibu t ion  of t he  Stanton number along the model i s  presented 
i n  f igure  12. 
than about 10 percent of those on the  forward face throughout the  angle- 
of-attack range. Using a modified Sibulkin theory (ref.  13) and the  
nondimensional veloci ty  gradient of 1.285 mentioned previously gave good 
agreement with the  experimental Stanton numbers on the  forward face.  
(See f i g .  12(a j  .) The var ia t ion  In  S t z n t ~ n  Eaqber with angle of a t t ack  
i s  small f o r  the  s ta t ions  on the  f ront  face, whereas there  i s  a consid- 
erable increase i n  the  Stanton number on the  afterbody f o r  the  s t a t ion  
9 = 0' with increasing angle of a t tack ( f i g .  12 (a ) ) .  
Stanton number f o r  the  s ta t ions  
figures 12(b) and 12( c)  . 
an appreciable decrease i n  Stanton number on the leeward s ide of the  
afterbody (negative s/d 

body of the capsule. 
with the  or ig in  of the  flow a t  the stagnation point of t he  capsule, with 
the  sonic point normal t o  the shoulder, and the  pressure was  calculated f o r  
t he  f u l l  expns ion  around the  corner. 
u t i l i z i n g  the  f l a t -p l a t e  theory ( re f .  14) a r e  shown i n  figure 12:~) f o r  
a = Oo and 17". When the e f f ec t  on the presswe of the decrease i n  the  
e f f ec t ive  expansion angle caused by separation (as shown in  f i g s .  7(a) 
and 7 ( b ) )  i s  taken in to  account, the calculated heat t ransfer  is  changed 
by only about 5 percent. Eowever, w i t h  sepsmtion it might seem reason- 
able  t o  apply Chapman's r e s u l t s  ( ref .  g) ,  which indicate t h a t  the  rate of 
heat  t ransfer  t o  a separated laminar region averages about 56 percent of 
a corresponding attached laminar boundary layer  having the  same constant 
pressure.  With the 56-percent value taken as an invariant,  the  dashed 
l i n e  LE f i g m e  12(a)  i s  obtained. Even t h i s  l i n e  is, i n  general, con- 
siderably above the  data  f o r  a = 0 . 

and e x i t  (tower o f f )  versions of the Mercury capsule a r e  presented i n  

I n  general, the  Stanton numbers on the afterbody were less 

Variation i n  
= 45' and 90' i s  presented i n  

An increase i n  angle of a t tack  brought about 

values i n  f ig s .  12(b) and l2( c ) )  . 
A simple approach was used t o  estlmate the  heat t ransfer  t o  the a f t e r -  

The afterbody was t rea ted  as pa r t  of a f l a t  p l a t e  

The r e su l t s  of this calculat ion 

0 

The longitudinal s t a t i c  s t a b i l i t y  r e s u l t s  of the escape (tower onj - 
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f igure 13. Both versions exhibi t  posi t ive s t a t i c  s t a b i l i t y  character- 
i s t i c s  up t o  an angle of a t tack  of about 70; however, the  e x i t  version 
has a much lower s t a b i l i t y  leve l .  It should be mentioned here t h a t  the  
r e a l i s t i c  center-of-gravity locat ions are d i f fe ren t  f o r  each configura- 
t ion .  A s  angle of a t tack  i s  increased, a condition of neutral  s t a b i l i t y  
i s  indicated near 8 . 5 O ,  and then pitch-up tendencies are observed. 
Unfortunately, the  length of the escape-version model precluded the  
t e s t i n g  a t  angles of a t tack  greater  than 1l0. 

A s  would be expected, the  escape version displays a s izable  reduc- 

It i s  t o  be noted tha t  the axial-force coef- 
t i o n  i n  axial-force coeff ic ient  since the  escape tower a c t s  i n  e f f ec t  
as a drag-reducing spike. 
f i c i e n t  i s  lower a t  a = f20 than a t  Oo. This e f fec t  i s  probably due 
t o  the  unsymmetrical geometry of the escape tower and rocket nozzles. 
Unpublished data  f o r  t h i s  same model a t  a Mach number of 6.8 show the  
same trend. The higher l e v e l  of normal-force coeff ic ient  for. the  
escape version i s  t o  be expected since t h i s  configuration has a higher 
fineness r a t i o  than the  e x i t  version. 

The longitudinal charac te r i s t ics  of t he  reentry version are pre- 
sented i n  f igure  14. 
the angle-of-attack range of these t e s t s .  The maximum axial-force 
coeff ic ient  obtained i n  these t e s t s  was 1.50 a t  
values of normal-force coeff ic ient  are typ ica l  f o r  configurations of 
t h i s  type ( r e f .  15). 

Posi t ive s t a t i c  s t a b i l i t y  i s  indicated throughout 

a = 0'. The low 

A summary of s t a b i l i t y  parameters of the  three versions of the  
Project  Mercury capsule i s  as follows: 

Escape version 

Reentry version 1.30 

c 

Schlieren photographs taken during the  s t a b i l i t y  tes ts  of the  three 
capsule Configurations a t  a Mach number of 9.6 a re  presented i n  f ig -  
ure 15. For the  escape and e x i t  versions, it i s  estimated t h a t  the  
bow shock starts t o  impinge on the  capsule conical surface a t  an angle 
of a t tack  of about 7". 
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CONCLUDING REMARKS 

A n  invest igat ion has been r;;ade a t  a Yach nmbber of 9.6 t o  obtain 
aerodynamic heating and pressure data on a 0.03-scale model of the  
Mercury capsule reent ry  configuration. 
based on free-stream conditions and the model maximum diameter was 
approximately 0.24 X 106. 
Mach numbers of 6.9 and 9.6 i n  order t o  study the  capsule f l o w  f i e l d s .  
S t a t i c  longi tudinal  s tab ix i ty  t es t s  on t h e  escape, ex i t ,  and reentry 
capsule configurations were made at  a Mach number of 9.6 and a Reynolds 
number of 0.14 X lo6. 

The Reynolds number of t he  flow 

Schlieren and oil-flow data were obtained at 

Analysis of t he  experimental data obtained from these t e s t s  leads 
t o  the  following conclusions: 

1. The stagnation point heating rate could be reasonably well pre- 
dicted by the  method of Kemp and Riddell, i n  which a modification f o r  a 
spherical  segment as shown by Stoney was used, and by a modified Sibul'iin 
theory with a nondimensional velocity gradient calculated from data 
obtained on a. 1,/7-scale model of the  Mercury capsule. 
Stanton number with angle of a t t ack  was small f o r  the  forward faze .  

The var ia t ion i n  

2. The Stanton number on the afterbody of the  capsule varied con- 
siderably with angle of a t tack .  A t  angle of a t tack  the  heating r a t e s  
generally decreased with circumferential  distance from the  windward 
s ide.  Heating rates on the windward s ide of t he  afterbody were shown 
t o  increase with angle of a t tack up t o  about 10 percent of the stagna- 
t i o n  heating rate. 

3. For the  e n t i r e  angle-of-attack range the  stagnation point 
measured from the  oil-flow study at a Mach number of 6.9 i s  only about 
80 percent of t he  d is tance  f rom the  center of the  model t o  the  geometric 
stagnation point .  

for angles of a t t ack  q t o  /50i 

ured stagnation point lags  t h e  geometric stagnation point and a t  an 
angle of a t tack  of 20' i s  only 84 percent of t he  distance from the  
center  of t h e  i ~ o 0 e l  t o  the  geometric stagnation point.  

The measured stagnation point f o r  a Mach number of 
9.6 was found t o  show good agreement W I U I  'L1- LL- ULC b L v A u L ~ I - L ~  ---n-o+v-in ---=---.-.- s + a o n ~ + - j ~ n  F0in-t 

A t  angles of a t tack  beyond /5O the  meas- 

4. The oil-flow t e s t s  a t  Mach numbers of 6.9 and 9.6 showed t h a t  
the  flow separated a short  distance behind the  nose-cone juncture and 
reat tached on the  cylinder.  Tnis separution exis ted en t h e  cone f o r  
sneles of a t tack  up t o  10'. 

7 mi-- -U--".rnbC. /. y l L u u - ~ y  3" tfie Afterbody were found t o  be l e s s  than 4 per- 
cent of t h e  pressure on the  c cept f o r  a f e w  points  on the 
canis te r  a t  the  45' and 90' s % 
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0 .  a*. . e.. . e. 0 .  . . 0.. e. 

6. The s t a t i c  s t a b i l i t y  tests show that f o r  the  escape, ex i t ,  and 
reentry versions, posi t ive s t a b i l i t y  charac te r i s t ics  a re  indicated with 
the  ex i t  version having the  lowest degree of s t a b i l i t y .  The escape and 
e x i t  versions were indicated t o  have neutral  s t a b i l i t y  at  an angle of 
a t t ack  of about 8 . 5 O ,  after which pitch-up tendencies occurred as angle 
of attack was increased. 

Langley Research Center, 
National Aeronautics and Space Administration, 

Langley Field,  Va . ,  December 1, 1960. 

. 
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TABLE I .- RESULTS OF TESTS ON MERCURY CAPSKI2, REENTRY CONFIGURATION 

(a) a = 00, 
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OF 
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.33: 
.987 
736 

-614 
.192 
.241 
* 391 
.417 
.589 

8.028 
.574 . i82 
.228 
: 361 
.3& 

8.w 

oar) 
.c+ 

8.270 

.008972 

.008163 

.000644 
000197 

. m 4 6  . ~ ~ 0 4 2 3  . W 4 1 Q  

.000632 

.oo0808 

.007846 - 000657 

.ooo202 

. W 5 5  . OOo420 

.000448 

.000634 

.007617 

.000613 . ooo192 

.OOO241 

.000787 

.000366 

163.3 
157.5 
107.0 
94.0 
YB. j 

112.9 
83.9 

113.8 
132.7 
156.4 
10:. 5 
93- 6 
97.4 

112.0 
111.1 
113.1 
155.7 
106.9 
93- 1 
97.6 

113.3 
log. 6 

- lo data available. 
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TABLE I.- RESULTS OF TESTS ON MERCURY CAPSULE, REENTRY CONFIGURATION - Continued 

( c )  a = 5 O .  

0 
0.464 
0.666 
0.95'1 
1.248 
1.453 
1.605 
1.762 
1.914 

-0.464 
-0.666 
-0.957 
-1.248 
-1.453 
-1.605 
-1.762 
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1.605 
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0 
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m%BLF, I.- FESLTLTS OF TESTS ON MERCURY CAPSULE, REENTRY CONFIGURATION - Continued 
(a) a = 100. 
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(a) ESCHPO version. L- 59- 1717 

Figure 3.- Mercury capsule force-test configurations. 
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Detail A 

Escape version 

(d) Model d e t a i l .  

Figure 3.- Concluded. 
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Figure 4. - Concluded. L-60-6960 
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Front View Top View 

Air Flow - 
Side View 

(a) a = oO. L-60 -6962 

Figure 6.- Oil-flow study of floor-mounted model a t  angle of a t t a c k .  
M = 6.9. 
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Figure 6. -  Continued. 
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Continued. 
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Figure 6.- Concluded. 

L- 60-6966 



'B 

I .  

Front View Top V iew 

(a) a = 0'. 

33 

Front View Top View 
i 

(b) a = Oo. L- 60-6967 

F i g z e  7.- Oil-flow study of sting-mounted model a t  angle of a t t a c k .  
M = 6.9. 
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Figure '15. - Continued. 
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